We performed arthroscopic anterior cruciate ligament (ACL) reconstructions of chronic ACL rupture with autologous hamstring tendon grafts in males (mean age 23.9 years). Thirty-two cross-pin fixations and 24 EndoButton™ CL fixations were performed on the femoral side. Distal fixations on the tibial side were maintained with interference screws plus a staple. Tunnel enlargement was evaluated using X-rays. Femoral and tibial tunnels were measured at three levels 5 mm apart, and average enlargement was calculated after correction for magnification. Tunnel enlargement 12 months after surgery was greater for the EndoButton™ CL system (femoral side 43.71%, tibial side 51.11%) than for the cross-pin system (femoral side 32.61%, tibial side 25.62%); the difference was significant only on the tibial side. Both proximal fixation techniques were judged clinically successful (follow-up 16 -36 months). The far fixation point in the EndoButton™ CL group may be related to mechanical loosening.
Introduction
Reconstruction is a common and popular treatment for the ruptured chronic anterior cruciate ligament (ACL). Several graft types and fixation methods are available, and drilling of the tibia and femur is necessary for graft placement in the tunnels. There are different types of fixation technique for ACL reconstruction using hamstring tendon grafts, with EndoButton™ and cross-pin being two popular techniques for femoral fixation. Tunnel enlargement after ACL reconstruction was described in the 1990s and has been reported frequently. 1 Different SM Kuskucu Tunnel enlargement after anterior cruciate ligament reconstruction graft types, fixation methods, immunohistochemical agents and rehabilitation protocols have been implicated in tunnel enlargement. 2 -5 This study sought to compare the results of two femoral fixation methods (cross-pin and EndoButton™ CL) with respect to tunnel enlargement.
Patients and methods PATIENTS
The participants comprised male patients who had experienced ACL rupture between 2 and 8 months previously. The study was undertaken in a general military hospital (GATA Haydarpasa Training Hospital, Istanbul, Turkey) and involved male subjects, all of whom were active military personnel. The treatment undertaken involved one of the standard surgical procedures at this hospital for patients of this type. Only patients who had anterior knee instability and chronic ACL rupture were included in the study. The patients were allocated to the two types of operation randomly from patients referred to the hospital. For all patients the anterior drawer test score was +++ and the Lachman test indicated ACL insufficiency. All patients were provided with information about the study before undergoing surgery.
SURGERY
We performed arthroscopic reconstruction using hamstring autografts between 1999 and 2005. Reconstruction surgery was performed in patients and the same surgeon performed all operations. Distal fixation was achieved with interference screws plus a staple in all patients. Proximal fixation was achieved with a cross-pin fixation systemeither the Transfix ® (Arthrex, Naples, FL, USA) system or the Slingshot™ (Mitek Products, Ethicon, Somerville, NJ, USA) system -in 32 patients, and with the EndoButton™ CL system (Smith & Nephew, Andover, MA, USA) in 24 patients. The Transfix ® and Slingshot™ systems use the same method for tendon fixation and are very similar, the difference being that a hammer is used for Transfix ® screws and a screwdriver for Slingshot™ screws. We, therefore, considered the Transfix ® and Slingshot™ systems to constitute a representative cross-pin system for the purpose of this study.
We used quadruple hamstring grafts for reconstruction in all patients. The location for the femoral tunnel was the 10 or 11 o'clock position in the right knee. Graft diameter was measured and the smallest size of drill that provided an adequate diameter for passage of the graft was used for transtibial-femoral drilling. The femoral tunnel depth was approximately 35 mm for both systems. To allow the passage and withdrawal of the EndoButton™ CL, a 4.5 mm drill hole was made through the femoral cortex in the EndoButton™ CL group. All drilling procedures were performed once, using a guidewire; no multiple drilling attempts were made. After the graft had been passed through the tibial and femoral tunnels, and femoral fixation had been performed, tibial fixation was performed using interference screws and staples. The tunnel and graft widths were noted during surgery for all patients.
EVALUATION AFTER SURGERY
After 12 months, all patients were evaluated by blind assessment of tunnel enlargement. Tunnel enlargement of each patient was assessed by comparing the original surgical diameter of the tunnel with the diameter measured on standard anteroposterior and lateral X-rays taken at 12 months (Figs 1 and 2). All X-rays were taken at a distance of 100 SM Kuskucu Tunnel enlargement after anterior cruciate ligament reconstruction FIGURE 1: Anteroposterior and lateral X-rays showing tibial tunnel widening 12 months after anterior cruciate ligament reconstruction using the cross-pin fixation technique. The cross-pin and the staple are on the femoral and tibial sides, respectively. Note the tunnel's sclerotic margins in the two views FIGURE 2: Anteroposterior and lateral X-rays showing tunnel widening 12 months after anterior cruciate ligament reconstruction using the EndoButton™ CL technique. Note that the tibial side has more widening. The EndoButton™ CL and the staple are on the femoral and tibial sides, respectively. Dots indicate the measurement points SM Kuskucu Tunnel enlargement after anterior cruciate ligament reconstruction cm from the knee. The cassette was placed just posterior to the knee and the magnification factor was determined using the following formula: distance of cassette from X-ray source divided by distance of the knee joint from X-ray source. 6, 7 The approximate magnification was 1.1. All data were corrected for magnification before statistical analysis.
The diameters of both femoral and tibial tunnels were measured at three different points along the tunnel, 5 mm apart, including the tunnel opening. The average enlargement was calculated as a percentage using the following expression: ([measured tunnel diameter -intraoperative tunnel diameter] / intraoperative tunnel diameter) × 100. 8
REHABILITATION
The following rehabilitation programme was used for both groups. No change in the rehabilitation programme was required in either group.
An angled knee brace was used in all patients for the first 6 weeks after surgery. Only a static foot touch was allowed for the first 3 weeks in order to maintain balance. The brace was held at 0°extension and initially 90°f lexion was allowed; flexion was increased by 10°each week until 110°flexion was reached. This was maintained until the fifth week after surgery. Full flexion was allowed at the sixth week after surgery, and physical exercise was introduced from this point onwards. Unforced running was allowed in the third month after surgery and noncontact sports were allowed from the sixth month. Limitations on physical activities were removed 9 months after surgery.
STATISTICAL ANALYSIS
The Statistical Package for Social Science for Windows ® 13.0 program (SPSS Inc., Chicago, IL, USA) was used for statistical analyses. We used the t-test for independent groups to compare quantitative data and the Levene test to check for homogeneity of variation. The 95% confidence intervals were calculated. Statistical significance was accepted at P < 0.05. Patients were evaluated functionally and clinically 12 months after surgery. For clinical assessments we used the Lysholm scoring system, the International Knee Documentation Committee (IKDC) scoring system, Telos stress device measurements, Tegner activity scoring and thigh atrophy values measured 15 cm proximal to the patellar pole.
Results
Fifty-six male patients were included in the study. Their average age at the time of surgery was 23.9 years (range 21 -44 years). Thirty-two cross-pin fixations and 24 EndoButton™ CL fixations were performed on the femoral side. Mean follow-up duration was 26.7 months (range 16 -36 months) for the EndoButton™ CL group and 25.2 months (12 -36 months) for the crosspin group. Twelve months after surgery, tunnel width enlargement in the cross-pin group was 32.61% on the femoral side and 25.62% on the tibial side. In the EndoButton™ CL group, enlargement was 43.71% on the femoral side and 51.11% on the tibial side. The difference between the two groups was significant only for the tibial side (P < 0.05).
On the Lysholm scoring system, 23 patients were rated as excellent and nine patients were rated good in the cross-pin group, and 19 patients were rated excellent and five patients were rated good in the EndoButton™ CL group. On the IKDC scoring system, 23 patients were graded A and nine patients were graded B in the crosspin group; in the EndoButton™ CL group, 19 SM Kuskucu Tunnel enlargement after anterior cruciate ligament reconstruction patients were graded A and five patients were graded B. We applied a force of 15 daN during measurements with the Telos stress device and took lateral X-rays of both knees. We observed < 5 mm difference in anterior motion between the reconstructed knee and the normal knee in both groups. We found an average of 2 cm of muscle atrophy in both patient groups, in measurements made 15 cm proximal to the patellar pole. Graft rupture was not observed in any patient. No pain was recorded in any patient, either at the graft donor site or the anterior knee. Patients did not show any complications, such as deep vein thrombosis, infection and reflex sympathetic dystrophy. On the Tegner activity scoring system, 17 of the 24 patients in the EndoButton™ CL group improved to level 6 or 7 from level 4, and the remaining patients stayed at level 4 or 5. In the crosspin group, 25 of the 32 patients improved to level 6 or 7 from level 4 and the remaining patients stayed at level 4 or 5.
Discussion
Tunnel enlargement after ACL reconstruction is the result of bone resorption or osteolysis. 6 It has been suggested that tunnel enlargement results primarily from the use of an allograft, but also from an existing immune reaction resulting from the sterilization technique (using ethylene oxide). 3, 4 Although several studies report that enlargement is only attributable to a reaction to the allograft, subsequent research has identified tunnel enlargement even when autografts are used, and that the use of hamstring and bone patellar tendon autografts may differ with respect to subsequent tunnel enlargement. 2,5,9 -12 Several biological and mechanical factors have been proposed as influencing tunnel enlargement. In addition to the immune effects mentioned above, the toxic effects of metalloids have been suggested. Other biological factors that may be involved are non-specific inflammatory responses, the cell necrosis that occurs during tunnel opening and the avascular stage of the graft. 2, 6, 11, 13 Mechanical factors that have been proposed include the motion of the graft in the tunnel, aggressive rehabilitation, inappropriate graft settlement and absence of local stimulating stresses acting at the tunnel wall. 1, 2, 6, 8, 14 Tunnel enlargement is now accepted as multifactorial in origin. Although the factors mentioned above are all involved to some extent in enlargement, 6, 11 the most important factor may be interaction between graft and tunnel. The motion of the graft in the tunnel may differ according to fixation type, tunnel location and surgical technique. 6 Transverse graft movement (the windscreen wiper effect) and longitudinal movement (the bungee effect) in the tunnel have been emphasized. 1, 6, 8, 11 When Klein et al. 1 classified the types of femoral tunnel enlargement in patients treated with femoral cross-pin fixation, they reported that tunnel enlargement differs according to aetiological factors and that the bungee effect might make a greater contribution than the windscreen wiper effect to the motion of the graft. In our series, the patients who were operated on with the cross-pin technique did not fit into any group defined by Klein et al. 1 for tunnel widening on the femoral side. In the literature it has been stressed that the bungee effect plays a more important role in far fixation techniques (such as the EndoButton™ technique) and that the windscreen wiper effect plays a more important role in insidethe-tunnel fixation techniques. 2, 5, 8, 11, 15 Especially in tibial side fixation, a graft that becomes free because of fixation in the tunnel at a site distant from the tunnel SM Kuskucu Tunnel enlargement after anterior cruciate ligament reconstruction opening in the joint will make the windscreen wiper effect more prominent with knee movement, and will eventually lead to tibial tunnel enlargement. 6 In our series we consider that the bungee and windscreen wiper effects played a role in tunnel enlargement in both groups. Although interpretation is difficult because of the short follow-up period and the relatively small number of cases, more enlargements occurred in the EndoButton™ CL group than in the cross-pin group, which led us to think that the bungee effect had a more important role in enlargement on the tibial side because of distant fixation. However, the windscreen wiper effect was at least as important as the bungee effect in tibial tunnel enlargement in the EndoButton™ CL group, because of distant fixation and because of femoral tunnel length: tunnel length in the Endobutton™ CL group was greater than that in the cross-pin group, by approximately 10 mm. Owing to the need to ensure enough space to withdraw the EndoButton™ CL, it is necessary to create a deeper tunnel than when the cross-pin technique is used. The depth of the space in our cases was about 1 cm (the original EndoButton™ technique recommends a space of 6 mm). We believe that space caused an indirect windscreen wiper effect on the tibial side because it allowed a long sweep of the windscreen wiper. In our series, tunnel widening was observed on both the femoral and tibial sides, but it was greater on the tibial side. Widening on the femoral side was similar in the two groups because, in both techniques, the graft was fixed in almost the same way. However, the length of the arm of the windscreen wiper was approximately 65 mm in the EndoButton™ CL group (10 mm jumping space + 25 mm graft in the femoral tunnel + approximately 30 mm joint space) and 55 mm in the cross-pin group (no jumping space + 25 mm graft in the femoral tunnel + approximately 30 mm joint space) from the proximal end of the femoral tunnel to the tibial tunnel aperture. In our opinion, this difference of 10 mm had more effect on the tibial tunnel, thus creating the windscreen wiper effect.
An exact standard method for measuring tunnel enlargement has not been reported. Computed tomography and magnetic resonance imaging have been proposed, along with a standard knee Xray. 1, 6, 8, 9, 11, 12, 16, 17 Tunnel width during the operation was taken as the baseline tunnel diameter in the present study, but this increased the error rate. 1 Three-dimensional computed tomography has been recommended as a suitable solution to this problem, 1 and anteroposterior and lateral or posteroanterior X-rays can be taken in the standing or supine position. 1,6 -9,11,12,16,17 The distance between the two sclerotic borders of the tunnel can be taken as a measure of tunnel width, or measurements can be made at standardized distances from the tunnel opening. 1,6 -9,11,12,16,17 In our series, measurements were obtained at three points 5 mm apart in the femoral and tibial tunnels on anteroposterior and lateral X-rays that had been taken from a distance of 100 cm. The mean enlargement at the three points was used to calculate the percentage of tunnel enlargement (see above section, Evaluation after surgery). 8 We believe that, if these measurements can be supported with magnetic resonance imaging and/or with three-dimensional computerized tomography, interpreter error rate will decrease. 1, 8 An aggressive rehabilitation protocol may also affect tunnel enlargement. 1, 6, 18 We used such a protocol in our patients and, although the tunnel enlargement determined was concordant with data in the literature, we did not find clinical SM Kuskucu Tunnel enlargement after anterior cruciate ligament reconstruction deterioration in our study. 1, 6, 18, 19 Clatworthy et al. 2 reported that tunnel widening increased with aggressive rehabilitation and considered that immobilization may be advisable for the first 3 weeks after surgery.
Dyer and Elrod 17 have stated that tunnel enlargement occurred in the first 6 months after surgery, and Peyrache et al. 12 reported that tunnel enlargement was present 1 year after surgery and then remained steady. Fink et al. 15 drew attention to the tunnel widening they first found at 6 weeks in their study. In our series, measurements could not be made at the end of the first week because of insufficient sclerotic tissue at the tunnel borders, however we did not find a marked increase between measurements made 6 and 12 months after surgery.
Thus, tunnel enlargement on the femoral and tibial sides is a multifactorial effect occurring after anterior cruciate ligament reconstruction, though its exact cause remains unknown. Tunnel enlargement was observed in our patients, however the short follow-up period and relatively small number of patients are limitations of our study. Nevertheless, our results are concordant with those in the literature; our comparison of the cross-pin and EndoButton™ CL techniques may prove to be of value. We believe that, when a distant fixation method is used, especially with the EndoButton™ CL technique, the contribution of the windscreen wiper effect to tunnel enlargement on the tibial side is at least as great as that of the bungee effect.
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